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Abstract 
Mitogen-activated protein (MAP) kinases are intracellular serine/threonine kinases activated by dual phosphorylation of adjacent 
threonine (T) and tyrosine (Y). A diverse number of extracellular signals induce activation of MAP kinases. Here we describe the cloning 
of a cDNA encoding human p38 MAP kinase (~38). The amino acid sequence of human ~38 is 99.4% identical to mouse ~38 [Han et al. 
(1994) Science 26.5, 808-111. Like murine ~38, the dual phosphorylation site of human p38 MAP kinase is characterized by a TGY 
sequence. Previous studies have described activation of p38 following exposure to products of microbial pathogens, physical-chemical 
stimuli and cytokines. The highly conserved nature of p38 suggests the importance of its function in regulating cellular responses. 
Kq+vords: ~38 MAP kinase; cDNA (human) 
Cellular responses to extracellular signals use protein 
kinase cascades to transmit information from the cell 
surface to the nucleus [l-3]. A family of serine/threonine 
protein kinases in higher eukaryotes are activated by physi- 
cal-chemical stimuli such as UV-irradiation, heat-shock 
and hyperosmolarity, cytokines, growth factors and bacte- 
rial products like endotoxin (lipopolysaccharide, LPS); 
activation of these kinases requires dual phosphorylation 
of adjacent threonine (T) and tyrosine (Y) residues [3,4]. 
Included in this family of serine/threonine kinases are the 
mitogen-activated protein kinases [MAPK or extracellular 
regulated kinases (ERK)] and a second related group of 
protein kinases termed stress-activated or Jun protein ki- 
nases (SAPK or JNK) [5,6]. Closely related proteins are 
also involved in signalling pathways used by lower eukary- 
otes [4]. The dual phosphorylation site in members of the 
MAPK family is characterized by a TEY sequence while 
in contrast SAPK have a TPY sequence at the dual phos- 
phorylation site. 
There is a third group of enzymes in the MAP kinase 
family comprised of the HOG1 gene product (HOGlp) of 
Saccharomyces cervisiae [7], a murine protein we identi- 
fied and cloned, termed ~38 (or p38 MAP kinase) [8] and a 
* The sequence data in this paper have been deposited with the 
GenBank Data Library under Accession Number L3.52.53. 
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protein found in Xenopus termed Mpk2 [9]. HOGlp, p38 
and Mpk2 have in common a dual phosphorylation se- 
quence of TGY. HOGlp is involved in osmoregulation in 
Saccharomyces cervisiae [7]. ~38 was identified because it 
is tyrosine-phosphorylated and activated in response to 
bacterial LPS treatment of macrophages [8,10]. What ap- 
pears to be a homologue of Mpk2 in human cells was 
suggested to be activated by heat-shock and arsenite treat- 
ment, although the exact identity of this protein was not 
determined [9]. We have previously reported that ~38 can 
be activated by hyperosmolarity and IL-l treatment [8]. A 
protein kinase identified by Freshney et al. in a study of 
IL-l activation was suggested to be a human homologue of 
murine ~38 [ll]. Thus it seems likely that ~38 MAP kinase 
is present in human cells. In order to determine the rela- 
tionship between human ~38 and the recently cloned murine 
~38 MAP kinase, it was necessary to isolate a cDNA clone 
for human ~38. 
To isolate human ~38 cDNA, murine ~38 cDNA was 
digested by EcoRI and Sal1 to generate a 552 bp DNA of 
coding region of ~38, and the fragment was used to 
generate a probe by random priming. A human liver cDNA 
library (ClonTech, Palo Alto, CA) was screened with this 
probe. Recombinant plaques were plated at a density of 30 
000 PFU/lSO-mm plate. Hybridizations were performed 
at 60” C in hybridization buffer (6 X SSC, 2 X Denhardt’s, 
1% SDS and 0.1 mg/ml heat-denatured salmon sperm 
DNA) overnight, and washed with 1 X SSC at 65” C. 
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Three positive clones containing 0.5- to 1.6-kb inserts contains complete coding region of human ~38. Fig. 1A 
were obtained after screening 5 X lo5 clones. The longest shows the DNA sequence and deduced amino acid se- 
cDNA clone was chosen for sequencing. The cDNA clone quence; human ~38 is a 360 amino acid protein with a 
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GGAATTCCGGGCCCGGTCTTTCCTCCCGCCGCCGCCGGCCTGGTCCCGGGGACTGGCCTC 
CACGTCCGACTCGTCCGAGCTGAAGCCCAGCAGCACTTTGCTGCCAGCCGCGGGGGCGGC 
GGAGGCGCCCCCGGGCCCTCCCAGGAGGCTCTC TGGGCCAGAGGCCGAGATTCGGCACAG 
GCCCCCAGGAGTCCGTMGTAGGAGAGGTCGCCCGAGACCGGCCGGACCCCCATCCCCGC 
cDcCDcCDcccCCDcTCCCCocoocTocoAccoTooT 
MetSer 
301 CAGGAGAGGCCCACGTTCTACCGGCAGGAGCTGAACAAGACAATCTGGGAGGTGCCCGAG 
GlnGl~rgProThrPhe~r~gGlnGl~e~s~ysThrIleT~GluValProGlu 
361 CGTTACCAGAACCTDTCTCCAGTGGGC TCTGGCGCCTATGGCTC TGTGTGTGCTGCTTTT 
ArgTyrD1PAs~euSerProValGlySe~lyAlaTyrlaPhe 
421 GACACAAMACGGGGTTACGTGTGGCAGTGAAGAAGCTCTCCAGACCATTTCAGTCCATC 
AspThrLys~rGlyLe~rgValAlaValLysLysLeuSerArgProPheGlnSerIle 
481 ATTCATGCGAAAAGMCCTACAGAGAACTGCGGTTACTT~CATATGAAACATGXUAT 
IleHisAlaLysArgThrTyrArgGluLeuArgLeuLeuLeuLysEisMetLysHisGluAsn 
541 GTGATTGGTCTGTTGGACGTTTTTACACCTGCAAGGTCTCTGGAGGAATTCMTGATGTG 
ValIleGlyLeuLeuAspValPheThrProAlaArgSerLeuGluGluPheAs~spVal 
601 TATCTGGTGACCCATCTCAT GGGGGCAGATCTGAACMCATTGTGAAATGTCAGAAGCTT 
~LeuValThrHisLeuMetGlyAlaAspLeuAsnAsnIleValLysCysGl~ysLeu 
661 ACAGATGACCATGTTCAGTTCCTTATCTACCAAATTCTCCGAGGTCTAAAGTATATACAT 
ThrAspAspHisValGl~heLeuIle~~lnIleLeuAr~lyLeuLys~rIleHis 
731 TCAGCTGACATMTTCACAGGGACCTAAAACCTAGTAATCTAGCTGTGMTGMGACTGT 
SerAlaAspIleIleHisArgAspLeuLysProSerAs~e~laValAsnGl~sp~s 
781 GAGCTGAAGATTCTGGATTTTGGACTGGCTCGGCACACAGATGATGAAATGACAGGCTAC 
GluLeuLysI1eLeuAspPheGlyLeuAlaArgHisThrAspAspGluMetThrGlyTyr 
841 GTGGCCACTAGGTGGTACAGGGCTCCTGAGATCATGCTGMCTGGATGCATTACMCCAG 
ValAlaThrArgTrp~rArgAlaProGluIleMetLeuAsnT~MetHis~rAsnGln 
901 ACAGTTGATATTTGGTCAGTGGGATGCATMTGGCCGAGCTGTTGACTGGAAGAACATTG 
ThrValAspIleTrpSerValGlyCysI1eMetAlaGluLeuLeuThrGlyAr~hrLeu 
1061 TTTCCTGGTACAGACCATATTGATCAGTTGAAGCTCATl'TTMGACTCGTTGGAACCCCA 
PheProGl~rAspHisIleAspGlnLeuLysLeuIleLeuArgLeuValGl~hrPro 
1121 GGGGCTGAGCTTTTGMGAAAATCTCCTCAGAGTCTGCAAGAAACTATATl'CAGTCTTTG 
GlyAlaGluLeuLeuLysLysIleSerSerGluSerAlaArgAsn~rIleGlnSerLeu 
1181 ACTCAGATGCCGMGATGAACTTTGCGMTGTATTTATTGGTGCCMTCCCCTGGCTGTC 
ThrGlnMetProLysMetAsnPheAlaAsnValPheIleGlyAlaAsnProLeuAlaVa1 
1241 GACTTGCTGGAGMGATGCTTGTATTGGACTCAGATMGAGMTTACAGCGGCCCMGCC 
AspLeuLeuGluLysMetLeuValLeuAspSerAspLysArgIleThrAlaAlaGlnAla 
1301 
1361 TATGATCAGTCCTTTGAAAGCAGGGACCTCCTTATAGATGAGTGGAAAAGCCTGACCTAT 
TyrAspOlnSerPheGluSerArgAspLeuLeuIleAspGluTrpLysSerLeuThrTyr 
1421 GATGMGTCATCAGCTTTGTGCCACCACCCCTTGACCMGMGAGATGGAGTCCTGAGCA 
AspGluValIleSerPheValProProProLeuAspClnGluGluMetGluSer 
1481 CCTGGTTTCTGTTCTGTTTCCCACTTCACTGTGAGGGGMGGCCTTTTCACGGGAACT 
1541 ClCCAAATATTATTCMGTGCCTCTTGTTGCAGAGATTTCCTCCATGGTGGMGGGGGTG 
1601 TGCGTGCGTGTGCGTGCGTGTTAGTGTGTGTGCATGTGT 
Fig. 1. A: Nucleotide and deduced amino acid sequence for human p38 MAP kinase. B: Amino acid sequence comparison of p38-group MAP kinase. 
Human p38 MAF’ kinase sequence (hu-p38) is shown at the top, mouse p38 MAPK (Mu-p381 [8], Xenopus Mpk2 [9] and Saccharomyces ceruisiae 
HOGlp [7] are shown in the second, third and fourth line respectively. The putative dual phosphorylation site is underlined. The PILEUP program from 
Wisconsin Genetics Computer Group, Madison, WI, USA, was used for sequence alignments and comparisons. 
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Fig. 1 (continued). 
predicted molecular mass of 41.5 kDa. The amino acid 
sequence comparisons of ~38 homologue between human, 
murine, frog and yeast revealed marked identities (Fig. 
1B); human ~38 is 99.4% identical to mouse ~38, 89.5% to 
Xenopus mpk2 and 52.3% to yeast HOGlp. The percent 
identity of this group MAP kinases which are charac- 
terized by a TGY sequence in the putative phosphorylation 
site is summarized in Table 1. At the nucleotide level we 
noted nearly 90% identity in the coding region of between 
human and murine ~38; in contrast sequences prior to 
position - 15 show essentially no identity. The high de- 
gree of conservation between species of other group MAP 
kinase has also been observed [12]. 
In summary, ~38 MAP kinase is highly conserved 
across two mammalian species and closely linked to ho- 
mologous enzymes from lower eukaryotes. The unique 
TGY sequence which makes up the dual phosphorylation 
site suggests the distinct regulation of this group protein 
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Table 1 
Comparison of p38 MAP kinases and related protein kinases 
Percent identity 
Human ~38 IMouse p38 Xenopus mpk2 HOGlp 
Human p38 100 
Mouse ~38 99.4 100 
Xenopus mpk2 89.8 r39.5 100 
HOGlp 52.3 152.3 51.2 100 
Percentage of amino acid identity between protein sequence was calcu- 
lated by using FASTA program from the Wisconsin Genetics Computer 
Group, Madison, WI, USA. 
kinases. Additional studies are required to define the se- 
quence of events leading to activation of ~38 MAP kinases 
and the identity of the upstream activator responsible for 
the dual phosphorylation. 
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